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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to radar appara- 
tuses and, more particularly, to a radar apparatus for use 
in automobiles. 

[0002] Under recent circumstances in which automo- 
bile accidents are increasing yearly with the increase of 
automobiles, it has become necessary for an automo- 
bile to be equipped with an apparatus supporting safety 
operation. Such an apparatus should be capable of 
warning a driver of a possible crash, measuring a 
ground speed accurately and controlling the engine 
properly while the automobile is driven on a wet road. 

2. Description of the Related Art 

[0003] Conventional radars for measuring a relative 
speed and distance of an automobile with respect to a 
target object include a frequency modulated continuous 
wave (FMCW) radar and a pulse Doppler radar. In an 
FMCW radar, as shown in Fig. 1, a triangular baseband 
signal is supplied to a transmission voltage controlled 
oscillator (VCO) 10 for frequency modulation. A result- 
ant high-frequency signal obtained from the voltage 
controlled oscillator 1 0 is transmitted via a transmission 
antenna 11. A portion of the high-frequency signal is 
branched off to a reception mixer (MIX) 12 supplied with 
a received signal received via a reception antenna 13. 
According to this arrangement, a beat signal commen- 
surate with a distance from a target object and a relative 
speed with respect to the target object is obtained. Since 
such a construction enables a significantly simple signal 
processing unit to provide a relative speed signal and a 
distance signal, it is extensively being applied to radar 
apparatuses such as an automobile radar apparatus 
which are expected to be small and inexpensive. 
[0004] In one specific implementation of a radar ap- 
paratus illustrated in Fig. 2, a switch (SW) 16 is provided 
between the reception antenna 13 and the reception 
mixer 12 so as to prevent a signal-to-noise ratio from 
beign degraded due to a leak of the triangular modulat- 
ing signal to the reception side and to attenuate 1/f noise 
provided by the reception mixer (MIX) 12. The switch 16 
may be operated according to a drive signal (LO) from 
an oscillation source 18 so as to subject the received 
signal to frequency conversion. The received signal out- 
put from the reception mixer (MIX) 12 is supplied to a 
second mixer 22 via a band-pass filter (BPF) 20. In the 
second mixer 22, the received signal is subject to fre- 
quency conversion again, using the drive signal (LO), 
so that a beat signal is obtained. 
[0005] For example, a frequency f 0 of a transmitted 
signal output by the voltage controlled oscillator 10 is on 
the order of 1 0 - 1 00 GHz, a frequency f sw of the switch 



drive signal (LO) is on the order of 10 - 100 MHz and a 
beat frequency f5 produced by the transmitted signal 
and the received signal is below the order of 10 - 100 
KHz. The frequency of the triangular wave is on the or- 
der of 100 - 1000 Hz. The amplitude of the transmitted 
signal supplied to the reception mixer 12 varies due to 
the frequency response of the VC0 10 and the line. The 
frequency of the amplitude variation is 100 - 1000 Hz. 
Since the reception mixer 12 has an AM demodulating 
function as well as the frequency conversion function, 
the output signal of the reception signal 12 inevitably 
includes noise in the form of the amplitude variation. 
[0006] The frequency of the received signal received 
via the reception antenna 13 is given by f 0 + fS. As a 
result of the frequency conversion using the switch 16, 
a received signal having frequencies between f 0 + f 5 - 
f sw and f o + f5 + f sw is produced. Accordingly, the re- 
ception mixer 12 produces an IF signal having frequen- 
cies between f sw - f5 and f sw + f5. The IF signal contains 
a noise in the form of amplitude variation having a fre- 
quency on the order of 1 00 - 1 000 Hz. Since the IF signal 
has a frequency on the order of 10 - 100 MHz, the noise 
in the form of the amplitude variation is removed by the 
band-pass filter 20. The mixer 22 subjects the IF signal 
having the noise removed to frequency conversion so 
as to obtain the beat signal having a frequency f5. 
[0007] The antennas 1 1 and 1 3 must have a size com- 
mensurate with a beamwidth capable of covering a sin- 
gle traffic lane so as not to detect a reflected wave from 
a non-target object outside a detection range of the ra- 
dar. For example, given that the detection range is 100 
m, and the width of a lane is 3.6 m, the beamwidth re- 
quired to keep out a reflected wave from a vehicle driven 
in another lane 100 m ahead would be 2.1 degrees. As 
is well known, the relationship between the beamwidth 
B and the diameter D of the reflector antenna is given by 

D - 70 X X/B 

[0008] Assuming that the beamwidth is 2.1 degrees 
and the frequency is 60 GHz (the wavelength = 5 mm), 
the diameter D of the antenna is 167 mm, according to 
the above equation. 

[0009] In the 100 m distance, an area covered by the 
radar is determined by a product of gain drops of the 
transmission and the reception antenna at a given an- 
gular separation. Thus, the diameter may actually be 
smaller than the result obtained according to the above 
equation. Antennas having a diameter of about 110 mm 
are usually used. 

[0010] Desirably, an automobile radar apparatus is 
designed so as not to detract from the aesthetic design 
of the automobile body. For optimum matching with the 
design, the smaller the radar apparatus, the better. Also, 
an automobile radar apparatus is ideally inexpensive in 
order to be available to the general public. However, re- 
quirement for concurrent transmission and reception im- 
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poses the use of both the transmission antenna and the 
reception antenna, so that it is difficult to achieve reduc- 
tion of the size and price of an automobile radar appa- 
ratus according to the conventional technology. 
[001 1] As shown in Fig. 3, one approach to reduce the 
size of the radar apparatus is to use a directional coupler 
26 so that a transmission and reception antenna 24 can 
be shared. In the circuit of Fig. 3, a portion of the trans- 
mission power is supplied to the transmission and re- 
ception antenna 24 via the directional coupler 26. An 
isolation capability of the directional coupler 26 is uti- 
lized to supply a local power to the reception mixer 12. 
The degree of coupling of the directional coupler 26 is 
set below 1 0 dB so as not to draw an excessively large 
power to the reception mixer 12 in consideration of the 
withstand capability of the reception mixer 1 2. Accord- 
ingly, a problem with this approach is that the voltage 
controlled oscillator 10 is required to output a significant- 
ly larger power than an actual output power needed to 
attain a satisfactorily long detection range. For example, 
assuming that the power actually radiated by the anten- 
na is 10 mW, a power exceeding 100 mW is needed. 
Although an output on the order of 10 - 100 mW can be 
easily obtained by high-output devices such as an IM- 
PATT diode and a Gunn diode in the milliwave band, an 
output exceeding 100 mW cannot be obtained easily by 
the present device technology. It is also to be noted that 
devices such as the IMPATT diode and the Gunn diode 
are quite expensive. 

[0012] Since the isolation capability of the directional 
coupler 26 is used in the approach of Fig. 3, the local 
input power varies due to the antenna impedance. For 
this reason, it is difficult for the reception mixer 12 to 
perform stable frequency conversion. 
[0013] One problem that arises as the number of ve- 
hicles equipped with an automobile radar apparatus in- 
creases is radio interference from other vehicles. Since 
automobile radars share generally the same frequency 
band, radars carried on automobiles driven on the op- 
posite lane may cause radio interference so that the tar- 
get object ahead of the user driving on the same lane 
becomes lost on the radar. 

[0014] Conventional approaches to prevent radio in- 
terference include the use of a 45-degree linearly polar- 
ized wave antenna or a circularly polarized wave anten- 
na. Polarization discrimination provided by such types 
of antennas is used to attenuate radio interference from 
other vehicles. However, polarization discrimination 
provided by such types of antennas is 20 - 25 dB at best. 
As the number of vehicles equipped with a radar in- 
creases, the interfering signal level increases so that the 
conventional technology cannot provide a satisfactory 
performance of the radar. 

[001 5] The article entitled Switching system for single 
antenna operation of an S-band FMCW radar by J. A. 
McGregor, E. M. Poulterand M. J. Smith and published 
in 8049 IEEE Proceedings Radar, Sonar and Naviga- 
tion, 141(1994) August, describes a ground based S- 



band ocean surface remote sensing FMCW radar that 
has been adapted for single antenna operation by alter- 
nately switching the single antenna between the trans- 
mitter and the receiver. Even though this frequency 
5 modulated interrupted continuous wave (FMICW) sys- 
tem is no longer a true continuous wave radar, the es- 
sential properties of the FMCW waveform are pre- 
served, provided some conditions on the switching 
speed and the FMCW parameters are met. 
10 [0016] The article An FM-CW radar module with front- 
end switching heterodyne receiver by T. Saito, N. 
Okubo, Y. Kawasaki, O. Isaji, and H. Suzuki and pub- 
lished in the IEEE MTT-S Digest 1992 relates to a 
FM-CW radar module that generate sidebands by 
15 switching a HEMT front-end using heterodyne detection 
for FM-AM conversion noise reduction. 
[0017] Front-end switching modulates the amplitude 
of the received signal by a square-wave signal to gen- 
erate a sideband at either side of the received signal. 
20 The beat signal is converted from the baseband to the 
IF by mixing the transmitted and received signal using 
a millimeter-wave mixer. The beat frequency and 
FM-AM conversion noise are present in the baseband, 
but only the beat signal remains in the IF band. Since 
25 the beat signal is not affected by FM-AM conversion 
noise, the radar module has a high S/N characteristic 
(Fig- 3) 

[0018] Using this technique, the low-frequency noise 
generated by a millimeter-wave mixer, which is the sec- 
30 ond largest noise contributor in FM-CW radar, is re- 
duced at the same time. The beat signal is converted to 
an IF band where the low-frequency noise level is low. 
The low-frequency noise level of an IF band is 10 dB 
lower than that of the baseband frequency. 
35 [0019] US 4,739,330 describes a frequency modula- 
tion radio altimeter that has a directional antenna which 
is connected to a transmission-reception switch control- 
led by a signal generator. The generator delivers peri- 
odic signals whose recurrence period is proportional to 
40 the delay time of the ground echo. The transmitter in- 
cludes a radio frequency modulator modulated in fre- 
quency by a saw tooth signal whose recurrence period 
is proportional to the delay time of the ground echo. A 
homodyne receiver includes circuits for acquiring and 
45 tracking the ground echo signal, and supplies an output 
signal representative of the altitude and a control signal 
which is supplied to the inputs controlling the recurrence 
period of the transmission modulator and of the gener- 
ator controlling the transmission-reception switch. 

50 

SUMMARY OF THE INVENTION 

[0020] Accordingly, an object of the present invention 
is to provide radar apparatuses in which the aforemen- 
55 tioned problems are eliminated. 

[0021] Another and more specific object of the 
present invention is to provide a radar apparatus to a 
reduced size and cost in which transmission and recep- 
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tion can be performed by a single antenna. 
[0022] Still another object of the present invention is 
to provide a radar apparatus in which interference from 
other apparatuses can be detected and removed. 
[0023] In order to achieve the aforementioned ob- 
jects, there is provided a vehicle mounted radar appa- 
ratus according to the appended claim 1 . Preferred em- 
bodiments are defined in the dependent claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Other objects and further features of the 
present invention will be apparent from the following de- 
tailed description when read in conjunction with the ac- 
companying drawings, in which: 

Fig. 1 shows a construction of a conventional FM- 
CW radar; 

Fig. 2 shows another construction of a conventional 
FMCW radar; 

Fig. 3 shows still another construction of a conven- 
tional FMCW radar; 

Fig. 4 is a block diagram of a radar apparatus ac- 
cording to a first example; 

Fig. 5 shows a frequency spectrum of an ID signal; 
Figs. 6A, 6B and 6C show constructions of antenna 
sharing means; 

Figs. 7A, 7B and 7C are timing charts for signals 
occurring in the apparatus shown in Fig. 4; 
Fig. 8 is a block diagram of a radar apparatus ac- 
cording to a second example ; 
Fig. 9 is a block diagram of a radar apparatus ac- 
cording to a third example ; 

Fig. 10 shows a circuit diagram of an SPDT switch; 
Fig. 11 is a block diagram of a radar apparatus ac- 
cording to a first embodiment of the present inven- 
tion; 

Figs. 1 2A, 1 2B and 1 2C are timing charts for signals 
occurring in the apparatus shown in Fig. 11; 
Fig. 13 is a block diagram of a radar apparatus ac- 
cording to a second embodiment of the present in- 
vention; 

Fig. 14 is a block diagram of a radar apparatus ac- 
cording to a third embodiment of the present inven- 
tion; 

Fig. 1 5 is a table showing the operation of the radar 
apparatus according to the third embodiment; 
Fig. 16 is a block diagram of a radar apparatus ac- 
cording to a fourth example ; 
Figs. 1 7A and 1 7B are waveform charts of a voltage 
applied to a control terminal of the voltage control- 
led oscillator; 

Fig. 18 is a block diagram of a radar apparatus ac- 
cording to a fifth example; 

Fig. 19 is a graph illustrating how an interference 
occurs; 

Fig. 20 is a graph illustrating how an interference 
occurs; 



Fig. 21 is a block diagram of a radar apparatus ac- 
cording to a sixth example ; 
Figs. 22A and 22B show implementations of inter- 
ference detecting means; 
5 Fig. 23 is a block diagram of frequency hopping 
means; 

Fig. 24 is a block diagram of a radar apparatus ac- 
cording to a seventh example present invention; 
and 

Fig. 25 is a block diagram of a radar apparatus ac- 
cording to an eighth example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] Fig. 4 is a block diagram of a radar apparatus 
according to a first example . Referring to Fig. 4, a tri- 
angular baseband signal (Mod) having a frequency of 
about several kHz is applied to a voltage controlled os- 
cillator (VCO) 30 for frequency modulation. The result- 
ant frequency modulated signal having a frequency f 0 
on the order of 10 - 100 GHz is supplied to a transmis- 
sion switch (SW) 32. A portion of the frequency modu- 
lated signal is supplied to a reception mixer 34. The 
transmission switch 32 is controlled to be opened or 
closed in accordance with a drive signal output from a 
switch drive signal source (LO) 35. The drive signal has 
a frequency f sw on the order of 1 0 - 1 00 MHz and is a 
rectangular wave with a 50% duty factor. When the 
switch 32 is closed, the frequency modulated signal to 
be transmitted is supplied to an antenna 38 via antenna 
sharing means 36. 

[0026] The drive signal output from the switch drive 
signal source 35 is inverted by an inverter 40 and sup- 
plied to a reception switch 42. Accordingly, when the 
transmission switch 32 is open, the reception switch 42 
is closed so that a received signal received via the an- 
tenna 38 is supplied to the reception mixer 34 via the 
antenna sharing means 36 and the reception switch 42. 
The reception mixer 34 produces and outputs the IF sig- 
nal. 

[0027] The frequency of the received signal received 
via the antenna 38 is given by f 0 + f5. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 + f 5 - f sw and f 0 + fS + 
fsw ' s obtained. Accordingly, the reception mixer 34 pro- 
duces the IF signal having frequencies between f sw - f5 
and f sw + f8 and having the frequency spectrum as 
shown in Fig. 5. 

[0028] The IF signal is subject to FM modulation in 
order to detect the frequency f8. The frequency f6 of a 
period in which the frequency increases and the fre- 
quency f5 in a period in which the frequency decreases 
are used as a basis to calculate the relative speed and 
the distance with respect to the target object. 
[0029] The antenna sharing means 36 may be imple- 
mented by a circulator 44 as shown in Fig. 6A, a 90° 
hybrid circuit 45 as shown in Fig. 6B or a branch circuit 
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46 as shown in Fig. 6C. The attenuation provided by the 
circulator 44 is approximately 2 - 3 dB. The attenuation 
provided by the 90° hybrid circuit 45 and the branch cir- 
cuit 46 is approximately 3-4 dB. 
[0030] As shown in Fig. 7 A, transmission of a signal 
via the antenna 38 occurs in response to the closing of 
the transmission switch 32 by the drive signal. The re- 
flected signal as shown in Fig. 7B reflected by the target 
object arrives at the antenna 38. As shown in Fig. 7C f 
a portion of the reflected signal is received by the an- 
tenna 38 in response to the closing of the reception 
switch 42. 

[0031] Thus, since a single antenna is shared in trans- 
mission and reception operations, the radar apparatus 
produced accordingly can be small and inexpensive. 
[0032] Fig. 8 is a block diagram of a radar apparatus 
according to a second example. Referring to Fig. 8, a 
triangular baseband signal (Mod) having a frequency on 
the order of 100 - 1000 Hz is applied to the voltage con- 
trolled oscillator (VCO) 30 for frequency modulation. 
The resultant frequency modulated signal having a fre- 
quency f 0 on the order of 10 - 100 GHz is supplied to 
the transmission switch (SW) 32. A portion of the fre- 
quency modulated signal is branched off to the recep- 
tion mixer 34. The transmission switch 32 is controlled 
to be opened or closed in accordance with the drive sig- 
nal output from the switch drive signal source (LO) 35. 
The drive signal has a frequency f sw on the order of 10 
- 100 MHz and is a rectangular wave with a 50% duty 
factor. When the switch 32 is closed, the frequency mod- 
ulated signal to be transmitted is supplied to the antenna 
38 via the antenna sharing means 36. 
[0033] The drive signal output from the switch drive 
signal source 35 is inverted by the inverter 40 and sup- 
plied to the reception switch 42. Accordingly, when the 
transmission switch 32 is open, the reception switch 42 
is closed so that a received signal received via the an- 
tenna 38 is supplied to the reception mixer 34 via the 
antenna sharing means 36 and the reception switch 42. 
The reception mixer 34 produces and outputs the IF sig- 
nal. 

[0034] The frequency of the received signal received 
via the antenna 38 is given by f 0 + f5. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 + f8 - f sw and f 0 + f 5 + 
fsw is obtained. Accordingly, the reception mixer 34 pro- 
duces the IF signal having frequencies between f sw - f5 
and f sw + f5 and having the frequency spectrum as 
shown in Fig. 5. Due to the AM demodulating function 
of the reception mixer 34, a noise having a frequency 
on the order of 1 00 - 1 000 Hz caused by amplitude var- 
iation of the frequency modulated signal is contained in 
the IF signal. By supplying the IF signal to the band-pass 
filter 50 so that only the frequency band between f sw - 
fS and f sw + f5 on the order of 10 - 100 MHz is allowed 
to pass, the noise having the frequency on the order of 
100 - 1000 Hz can be removed. The IF signal is fed to 
a mixer 52. The mixer 52 produces and outputs a beat 



signal having a frequency of f5 by mixing the IF signal 
having the frequencies between f sw - f5 and f sw + f5 
and having the noise removed, with the drive signal hav- 
ing the frequency fgyy. 
5 [0035] Fig. 9 is a block diagram of a radar apparatus 
according to a third example . A triangular baseband 
signal (Mod) having a frequency on the order of 100 - 
1000 Hz is applied to the voltage controlled oscillator 
(VCO) 30 for frequency modulation. The resultant fre- 
10 quency modulated signal having a frequency f 0 on the 
order of 1 0 - 1 00 GHz is supplied to a single-port double- 
throw (SPDT) switch (SW) 54. A portion of the frequency 
modulated signal is branched off to the reception mixer 
34. The SPDT switch 54 is controlled to be connected 
15 to the VCO 30 while the drive signal output from the drive 
signal source (LO) 35 is at logical high and to the recep- 
tion mixer 34 while the drive signal is at logical low. The 
drive signal has a frequency f sw on the order of 1 0 - 1 00 
MHz and is a rectangular wave with a 50% duty factor. 
While the drive signal is at logical high, the frequency 
modulated signal is supplied to the antenna 38 and out- 
put therefrom. 

[0036] The received signal received via the antenna 
38 while the drive signal is at logical low is supplied to 
the reception mixer 34 via the SPDT switch 54. The re- 
ception mixer 34 produces and outputs the IF signal. 
[0037] The received signal received via the antenna 
38 has the frequency f 0 + f5. As a result of frequency 
conversion by the reception switch 42, a signal having 
frequencies between f 0 + f 5 - f sw and f 0 + f 5 + f sw is 
produced and supplied to the reception mixer 34 which 
then produces the IF signal having frequencies between 
fsw " ft> ar| d fsw + ft> ancl having the frequency spectrum 
shown in Fig. 5. Due to the AM demodulating function 
of the reception mixer 34, the IF signal contains a noise 
having a frequency on the order of 1 00 - 1 000 Hz caused 
by amplitude variation of the frequency modulated sig- 
nal. By supplying the IF signals to the band-pass filter 
50 so that only the frequency band between f sw - f5 and 
f sw + f5 on the order of 1 0 - 1 00 MHz is allowed to pass, 
the noise having the frequency on the order of 100 - 
1000 Hz can be removed. The IF signal is then fed to a 
mixer 52. The mixer 52 produces and outputs a beat 
signal having a frequency of f5 by mixing the IF signal 
having the frequencies between f sw - f8 and f sw + fS 
and having the noise removed, with the drive signal hav- 
ing the frequency f sw . 

[0038] The SPDT switch has a circuitry as shown in 
Fig. 10. Referring to Fig. 10, terminals 55a and 55b are 
connected to the voltage controlled oscillator 30 and the 
reception mixer 34, respectively. A terminal 56 is con- 
nected to the antenna 38. The drive signal is supplied 
to a terminal 57. While the drive signal is at logical high, 
n-channel MOS transistors Q2 and Q4 are ON and n- 
channel MOS transistors Q1 and Q3 are OFF so that 
the terminals 55a and 56 are connected to each other 
and the terminal 55b is grounded. While the drive signal 
is at logical low, the n-channel MOS transistors Q1 and 
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Q3 are ON and the n-channe! MOS transistors Q2 and 
Q4 are OFF so that the terminals 55b and 56 are con- 
nected to each other and the terminal 55a is grounded. 
[0039] Fig. 11 is a block diagram of a radar apparatus 
according to a first embodiment of the present invention. 
Referring to Fig. 11, a triangular baseband signal (Mod) 
having a frequency on the order of 1 00 - 1000 Hz is ap- 
plied to the voltage controlled oscillator (VCO) 30 for fre- 
quency modulation. The resultant frequency modulated 
signal having a frequency f 0 on the order of 10 - 100 
GHz is supplied to the transmission switch (SW) 32. A 
portion of the frequency modulated signal is supplied to 
the reception mixer 34. The transmission switch 32 is 
controlled to be opened or closed in accordance with a 
drive signal obtained by subjecting an output signal from 
the switch drive signal source (LO) 60 to 1/N frequency 
division by a frequency divider 62, where N is 5 - 20, for 
example. The drive signal output from the frequency di- 
vider 62 has a frequency fsw on the order of 10 - 100 
MHz and is a rectangular wave with a 50% duty factor. 
When the switch 32 is closed, the frequency modulated 
signal to be transmitted is supplied to the antenna 38 
via the antenna sharing means 36. 
[0040] The drive signal output from the switch drive 
signal source 60 is supplied to a NAND circuit 64 togeth- 
er with the drive signal output from the frequency divider 
62. While the drive signal is at logical low, a signal having 
a frequency N*f sw is supplied from the NAND circuit 64 
to the reception switch 42. Accordingly, when the trans- 
mission switch 32 is open, the reception switch 42 is 
opened or closed at the frequency N*f sw . While the re- 
ception switch 42 is closed, the received signal received 
via the antenna 38 is supplied to the reception mixer 34 
via the antenna sharing means 36 and the reception 
switch 42. The reception mixer 34 produces and outputs 
the IF signal. 

[0041] The frequency of the received signal received 
via the antenna 38 is given by f 0 + f5. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 + f5 - N*f sw and f 0 + f5 
+ N*f sw is obtained. Accordingly, the reception mixer 34 
produces an IF signal having frequencies between 
N*f sw - f5 and N*f sw + f5. Due to the AM demodulating 
function of the reception mixer 34, a noise having a fre- 
quency on the order of 100 - 1000 Hz caused by ampli- 
tude variation of the frequency modulated signal is con- 
tained in the IF signal. By supplying the IF signal to the 
band-pass filter 50 so that only the frequency band be- 
tween N*f sw - f5 and N*f sw + f8 on the order of 1 0 - 100 
MHz is allowed to pass, the noise having the frequency 
on the order of 100 - 1000 Hz can be removed. The IF 
signal is then fed to the mixer 52. The mixer 52 produces 
and outputs a beat signal having a frequency of f5 by 
mixing the IF signal having the frequencies between 
N*f sw - f5 and N*f sw + f8 and having the noise removed, 
with the drive signal having the frequency N*f sw output 
from the NAND circuit 64. 

[0042] Generally, a semiconductor device contains a 



1/f noise. The lower the frequency, the higher the level 
of the noise. The switching frequency of the reception 
switch 42 according to the first embodiment described 
above is configured to be N times that of the switching 
5 frequency of the foregoing embodiments so that the 1/f 
noise generated in the reception mixer 34 is reduced 
and the S/N ratio is improved. 

[0043] The drive signal closes the transmission switch 
32 so as to time the transmission of the transmitted sig- 
nal via the antenna 38 as shown in Fig. 12A. The signal 
reflected by the target object arrives at the antenna 38 
as shown in Fig. 12B. Reception of a portion of the re- 
flected signal via the antenna 38 is timed as shown in 
Fig. 12C by closing the reception switch 42. 
[0044] Fig. 1 3 is a block diagram of a radar apparatus 
according to a second embodiment. Referring to Fig. 1 3, 
a triangular baseband signal (Mod) having a frequency 
on the order of 100 - 1000 Hz is applied to the voltage 
controlled oscillator (VCO) 30 for frequency modulation. 
The resultant frequency modulated signal having a fre- 
quency f 0 on the order of 10 - 100 GHz is supplied to 
the single-port double-throw (SPDT) switch (SW) 54. A 
portion of the frequency modulated signal is branched 
off to the reception mixer 34. The SPDT switch 54 is 
controlled to be connected to the VCO 30 while the drive 
signal obtained by subjecting an output signal from the 
switch drive signal source (LO) 60 to 1/N frequency di- 
vision is at logical high and to the reception switch 42 
while the drive signal is at logical low. The drive signal 
has a frequency f S w on * ne order of 10 - 100 MHz and 
is a rectangular wave with a 50% duty factor. While the 
drive signal is at logical high, the frequency modulated 
signal is supplied to the antenna 38 via the SPDT switch 
54 and output therefrom. 

[0045] The drive signal output from the switch drive 
signal source 60 is supplied to the NAND circuit 64 to- 
gether with the drive signal output from the frequency 
divider 62. While the drive signal is at logical low, a signal 
having a frequency N*f sw is supplied from the NAND 
circuit 64 to the reception switch 42. Accordingly, while 
the SPDT switch 54 is connected to the reception switch 
42, the reception switch 42 is opened or closed at the 
frequency N*f sw . While the reception switch 42 is 
closed, the received signal received via the antenna 38 
is supplied to the reception mixer 34 via the SPDT switch 
54 and the reception switch 42. The reception mixer 34 
produces and outputs the IF signal. 
[0046] The frequency of the received signal received 
via the antenna 38 is given by f 0 + f5. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 + f5 - N*f sw and f 0 + f6 
+ N*f sw is obtained. Accordingly, the reception mixer 34 
produces an IF signal having frequencies between 
N*f sw - f5 and N*f sw + f5. Due to the AM demodulating 
function of the reception mixer 34, a noise having a fre- 
quency on the order of 100 - 1000 Hz caused by ampli- 
tude variation of the frequency modulated signal is con- 
tained in the IF signal. By supplying the IF signal to the 
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band-pass filter 50 so that only the frequency band be- 
tween N*f sw - f5 and N*f sw + f5 on the order of 1 0 - 1 00 
MHz is allowed to pass* the noise having the frequency 
on the order of 100 - 1000 Hz can be removed. The IF 
signal is then fed to the mixer 52. The mixer 52 produces 
and outputs a beat signal having a frequency of fS by 
mixing the IF signal having the frequencies between 
N*f sw - f5 and N*f sw + f5 and having the noise removed, 
with the drive signal having the frequency N*f sw output 
from the NAND circuit 64. 

[0047] The switching frequency of the reception 
switch 42 according to the second embodiment de- 
scribed above is configured to be N times that of the 
switching frequency of the first through third embodi- 
ments so that the 1/f noise generated in the reception 
mixer 34 is reduced and the S/N ratio is improved. 
[0048] Fig. 14 is a block diagram of a radar apparatus 
according to a third embodiment of the present inven- 
tion. Referring to Fig. 14, a triangular baseband signal 
(Mod) having a frequency on the order of 100 - 1000 Hz 
is applied to the voltage controlled oscillator (VCO) 30 
for frequency modulation. The resultant frequency mod- 
ulated signal having a frequency f 0 on the order of 10 - 
1 00 GHz is supplied to the single-port double-throw (SP- 
DT) switch (SW) 54. A portion of the frequency modu- 
lated signal is branched off to the reception mixer 34. 
The SPDT switch 54 is controlled to be connected to the 
VCO 30 while the drive signal output from the switch 
drive signal source (LO) 35 is at logical high and to the 
reception switch 42 while the drive signal is at logical 
low. The drive signal has a frequency f sw on the order 
of 10 - 100 MHz and is a rectangular wave with a 50% 
duty factor. While the drive signal is at logical high, the 
frequency modulated signal is supplied to the antenna 
38 via the SPDT switch 54 and transmitted from the an- 
tenna 38. 

[0049] While the drive signal is at logical low, the re- 
ceived signal received via the antenna 38 is supplied to 
the reception switch 42 via the SPDT switch 54. The re- 
ception switch 42 and the mixer 52 are supplied with a 
signal having a frequency N*f sw output from a switch 
drive signal source 66. Accordingly, while the SPDT 
switch 54 is connected to the reception switch 42, the 
reception switch 42 is opened or closed at the frequency 
N*f sw . While the reception switch 42 is dosed, the re- 
ceived signal received via the antenna 38 is supplied to 
the reception mixer 34 via the SPDT switch 54 and the 
reception switch 42. The reception mixer 34 produces 
and outputs the IF signal. 

[0050] The frequency of the received signal received 
via the antenna 38 is given by f 0 + fS. As a result of fre- 
quency conversion by the reception switch 42, a signal 
having frequencies between f 0 + f 5 - N*f sw and f 0 + f5 
+ N*f sw is obtained. Accordingly, the reception mixer 34 
produces an IF signal having frequencies between 
N*f sw - f5 and N*f sw + f6. Due to the AM demodulating 
function of the reception mixer 34, a noise having a fre- 
quency on the order of 100 - 1000 Hz caused by ampli- 



tude variation of the frequency modulated signal is con- 
tained in the IF signal. By supplying the IF signal to the 
band-pass filter 50 so that only the frequency band be- 
tween N'fsw - f5 and N*f sw + f5 on the order of 1 0 - 1 00 
5 MHz is allowed to pass, the noise having the frequency 
on the order of 100 - 1000 Hz can be removed. The IF 
signal is then fed to the mixer 52. The mixer 52 produces 
and outputs a beat signal having a frequency of f5 by 
mixing the IF signal having the frequencies between 
N*f S w ■ f5 and N*f S w + R> an d having the noise removed, 
with the drive signal having the frequency N*f sw output 
from the NAND circuit 64. 

[0051] The switching frequency of the reception 
switch 42 according to the third embodiment described 
above is configured to be N times that of the switching 
frequency of the first through third embodiments so that 
the 1/f noise generated in the reception mixer 34 is re- 
duced and the S/N ratio is improved. 
[0052] In the third embodiment, transmission and re- 
ception switching is conducted using the drive signal 
having a 50% duty factor. Assuming a transmission pe- 
riod of t, the drive signal frequency of f sw and a maxi- 
mum distance measurable in a reception period, 
a reception power decreases when a distance to the 
target object is shorter than the distance R^, as shown 
in Fig. 15. When the distance R t is 2*N*R max , where N 
is a natural number, the reception intensity is 0 so that 
the measurement is disabled. The measure 2*N*R max 
is referred to as a fade-out point. Since the time-division 
transmission and reception is performed in the third em- 
bodiment, the reception intensity is in inverse proportion 
to the power of R t when R t < R max . When R max £ R t <> 
2 # R max , the reception intensity is in inverse proportion 
to the sixth power of R,. 

[0053] Fig. 1 6 is a block diagram of a radar apparatus 
according to a fourth example . Referring to Fig. 16, a 
triangular baseband signal (Mod) having a frequency on 
the order of 1 00 - 1 000 Hz is applied to the voltage con- 
trolled oscillator (VCO) 30 for frequency modulation. 
The resultant frequency modulated signal having a fre- 
quency f 0 on the order of 10 - 100 GHz is supplied to 
the single-port double-throw (SPDT) switch (SW) 54. A 
portion of the frequency modulated signal is branched 
off to the reception mixer 34. The SPDT switch 54 is 
controlled to be connected to the VCO 30 while the drive 
signal output from a voltage controlled oscillator (VCO) 
70 is at logical high and to the reception mixer 34 while 
the drive signal is at logical low. The drive signal has a 
variable frequency f sw between 9 MHz and 11 MHz, for 
example, and is a rectangular wave with a 50% duty fac- 
tor. While the drive signal is at logical high, the frequency 
modulated signal is supplied to the antenna 38 via the 
SPDT switch 54 and transmitted from the antenna 38. 
While the drive signal is at logical low, the received sig- 
nal received via the antenna 38 is supplied to the recep- 
tion mixer 34 via the SPDT switch 54. The reception mix- 
er 34 then produces and outputs the IF signal. . 
[0054] The IF signal has a noise having a frequency 
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below 100 Hz removed by the band-pass filter 50 and 
is then supplied to the mixer 52. The mixer 52 produces 
a beat signal having a frequency f5 by frequency. con- 
version and outputs the beat signal. 
[0055] A triangular wave as shown in Fig. 17A or a 
control voltage (V^) having a random hopping waveform 
as shown in Fig. 17B is supplied to a control terminal of 
the voltage controlled oscillator 70. The frequency f^ 
of the drive signal output from the voltage controlled os- 
cillator 70 varies between 9 MHz and 11 MHz in accord- 
ance with the control voltage. Accordingly, a distance to 
the fade-out point varies in a range between 13.64 X N 
m and 16.66 X N m. Therefore, the distance to the 
target object can be properly detected. By raising a var- 
iation frequency at which the frequency f sw of the drive 
signal varies so as to be at least on the order of 100 - 
1 000 Hz, it is possible to prevent the noise having the 
frequency on the order of 100 - 1000 Hz from being 
leaked to the IF signals due to the AM demodulating 
function of the reception mixer 34. 
[0056] The variation frequency of the frequency f sw 
of the drive signal as shown in Fig. 1 7A is suitably higher 
than the beat frequency derived from the relative speed 
and the distance with respect to the target object. An- 
other requirement for the variation frequency is that a 
variation of the distance to the target object is not in syn- 
chronism with a variation of the distance to the fade-out 
point determined by the variation frequency. For exam- 
ple, given that the maximum relative speed with respect 
to the target object is 180 km/h, fade-out points occur 
at varying locations in a 3 m range, when N = 1 . The 
period of the variation of the frequency f sw of the drive 
signal is suitably shorter than 60 msec. 
[0057] Fig. 1 8 is a block diagram of a radar apparatus 
according to a fifth example present invention. Referring 
to Fig. 18, an oscillator (OSC) 72 outputs an oscillation 
having a frequency on the order of 10 - 100 GHz. The 
oscillation is supplied to the single-port double-throw 
(SPDT) switch (SW) 54. A portion of the oscillation is 
branched off to the reception mixer 34. The SPDT switch 
54 is controlled to be connected to the OSC 72 while the 
drive signal output from the switch drive signal source 
(LO) 35 is at logical high and to the reception mixer 34 
while the drive signal is at logical low. The drive signal 
has a frequency f sw on the order of 10 - 100 MHz and 
is a rectangular wave with a 50% duty factor. While the 
drive signal is at logical high, the frequency modulated 
signal is supplied to the antenna 38 via the SPDT switch 
54 and transmitted from the antenna 38. While the drive 
signal is at logical low, the received signal received via 
the antenna 38 is supplied to the reception mixer 34 via 
the SPDT switch 54. The reception mixer 34 then pro- 
duces and outputs the IF signal. 
[0058] The IF signal has a noise having a frequency 
below 100 Hz removed by the band-pass filter 50 and 
is then supplied to the mixer 52. The mixer 52 produces 
a beat signal having a frequency f5 by frequency con- 
version and outputs the beat signal. 



[0059] The fifth example described above is used as 
a Doppler radar capable of detecting only a relative 
speed with respect to the target object For example, 
given that f^ = 100 MHz, = 0.75 m so that the 
5 fade-out point is 1.5 m. Generally, a Doppler radar ap- 
plied to an automobile is used to detect a ground speed, 
wherein the frequency of the drive signal can be rela- 
tively high because the target object (in this case, the 
ground) is a short distance away. 
[0060] Similar to the first through fourth examples and 
first to this embodiments, the fifth example makes it pos- 
sible for the antenna 38 to be shared in transmission 
and reception. Thus, the cost and price of the radar ap- 
paratus according to these embodiments can be re- 
duced. 

[0061] In an FMCW radar, a triangular modulating sig- 
nal is applied to a voltage controlled oscillator so that a 
signal indicated by the symbol la in Fig. 19 is transmit- 
ted. A signal indicated by the symbol Ha is reflected by 
the target object with a delay and is mixed with a portion 
of the transmitted wave which portion forms a local os- 
cillation source in the reception mixer. A minute frequen- 
cy difference between the reflected wave and the local 
oscillation source is detected by the reception mixer so 
that the distance to the target object is calculated. In the 
case of an FMCW radar, the greater the distance, that 
is, the greater the delay, the greater the frequency dif- 
ference and the higher the baseband output frequency 
of the received signal. If there is a difference in speed 
between the target object and the automobile, a Doppler 
shift is caused. The frequency difference that corre- 
sponds to the Doppler shift is observed as a beat signal. 
The frequency of the beat signal would generally be be- 
low 100 kHz if the triangular modulating signal has a fre- 
quency on the order of 100 - 1000 Hz, the frequency 
deviation of the FM modulated wave output from the 
voltage controlled oscillator is on the order of 10 - 100 
MHz, the frequency used by the radar is on the order of 
10-100 GHz, the distance to the target object is on the 
order of 100 - 1000 m, and the relative speed with re- 
spect to the target object is on the order of 1 0 - 1 00 km/h. 
[0062] A wave indicated by the symbol Ilia of Fig. 19 
represents an interference from another FMCW radar. 
It is very unlikely that a frequency variation of a radar of 
one vehicle is in synchronism with that of another vehi- 
cle causing an interference. Fig. 1 9 gives a general idea 
of how an interference occurs. 

[0063] Fig. 20 shows a time-dependent variation of 
the frequency of the signal that occurs in the received 
signal baseband output. The solid line lib of Fig. 20 in- 
dicates a beat signal generated due to the signal reflect- 
ed by the target object, the solid line II lb indicates a beat 
signal generated due to an interfering signal, and the 
hatching indicates a passing band of the reception filter 
for improving the S/N ratio of the received signal. The 
cut-off frequency of the reception filter is determined by 
the distance and the relative speed to be detected. As 
mentioned before, the cut-off frequency on the order of 
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100 - 1000 kHz is used for the automobile radar. 
[0064] The frequency of the interfering wave (lib var- 
ies from a dc range to a frequency significantly higher 
than the frequency of the reception filter. The frequency 
of the interfering wave may vary till it is on the order of 
1 00 - 200 M Hz, in a case that the local oscillation source 
and the interference source have matching center fre- 
quencies, identical frequency deviations and reversed 
phases of the frequency variation. 
[0065] Fig. 21 is a block diagram of a radar apparatus 
according to a sixth example . Referring to Fig. 21 , a 
triangular modulating signal is supplied to a frequency 
hopping means 100. A frequency modulated signal out- 
put from the frequency hopping means 100 is supplied 
to a transmission antenna 102 and transmitted there- 
from. A portion of the frequency modulated signal is 
branched off to a reception mixer 106. The signal re- 
ceived via a reception antenna 104 is mixed with the 
frequency modulated signal in the reception mixer 106 
so as to produce a beat signal. The beat signal is sup- 
plied to an interference detecting means 108 and a re- 
ception filter implemented by a band-pass filter 110. 
[0066] The interference detecting means 1 08 detects 
whether or not there is an interference and supplies the 
detection result to the frequency hopping means 100. In 
the event that there is an interference, the frequency 
hopping means 100 changes the frequency of the fre- 
quency modulated signal to a new frequency in a band 
where there is no interference. The band-pass filter 110, 
in which the cut-off frequency determined by the dis- 
tance and the relative speed to be detected is set, re- 
moves unwanted frequency components from the beat 
signal and outputs the rectified signal. A low-pass filter 
may be used in place of the band-pass filter. 
[0067] As shown in Fig. 22A, the interference detect- 
ing means 1 08 may be implemented by a band-pass fil- 
ter 11 2 so as to detect by band separation an interfering 
signal having a frequency higher than that of the beat 
signal. That is, the signal represented by 1Mb of Fig. 20 
providing a frequency difference that exceeds the band 
of the reception filter is subject to band separation and 
output. A high-pass filter may be employed in place of 
the band-pass filter 112. A voltage controlled oscillator 
114 shown in Fig. 22a forms a part of the frequency hop- 
ping means 1 00. A lower cut-off frequency of the band- 
pass filter 1 1 2 is configured to be higher than the higher 
cut-off frequency of the band-pass filter 1 1 0. A satisfac- 
tory attenuation is provided at a crossing point between 
the attenuation curves of the band-pass filters. 
[0068] As shown in Fig. 22B, the band-pass filter 110 
for extracting the received signal may be coupled to the 
output of the reception mixer 106. A comparator 116 op- 
erated by a predetermined threshold voltage may be 
used as the interference detecting means 108. 
[0069] Generally an automobile radar outputs a pow- 
er of about 10 dBm. Therefore, the reflected power pro- 
vided an automobile 100 m ahead, for example, is ap- 
proximately -130 dBm at best. The reflected power is in 



inverse proportion to the fourth power of the distance. 
In comparison with this, the interfering power from the 
opposite lane is in inverse proportion to the power of the 
distance and is therefore, significantly higher than the 

5 power of the received signal. As shown in Fig. 20, when 
an automobile radar is exposed to an interference from 
a radar of another automobile, a level of the beat signal 
caused by the interfering signal drops to the band of the 
reception filter for a limited period of time. When this 

10 drop occurs, the interfering signal becomes a pulse sig- 
nal having a significantly higher level than the signal re- 
flected by the target object. Thus, in the interference de- 
tecting means of Fig. 22B, the threshold voltage is set 
so that the comparator 116 operates at a sufficiently 

is higher level than the level of the signal reflected by the 
target object. 

[0070] Fig. 23 is a block diagram of the frequency hop- 
ping means (frequency varying means) 100. Referring 
to Fig. 23, an interference detection signal which goes 

20 to a logical high state when an interference is detected 
and is obtained in the interference detecting means is 
supplied to a rising detecting circuit 120. The rising de- 
tecting circuit 120 generates a pulse each time a rising 
of the interfering signal is detected. The pulses are sup- 

25 plied to an N-pulse counter 1 22 which is reset when a 
total of N pulses are input thereto. A ROM table 1 24 con- 
tains data relating to the center frequency of the hopping 
destination. A count output by the N-pulse counter 122 
is supplied to the ROM table 1 24 as an address for read- 

30 ing M-bit data. A D/A converter 1 26 generates a dc sig- 
nal that corresponds to the M-bit data output from the 
ROM table 124. An adder circuit 128 for adding the tri- 
angular modulating signal to the output signal from the 
D/A converter 1 26 is coupled to the D/A converter 1 26. 

35 An output from the adder circuit 1 28 is supplied to a volt- 
age controlled oscillator 114. 

[0071] Upon detection of an interference wave by the 
interference detecting means 108, the frequency hop- 
ping means is put into operation so as to shift the center 

40 frequency to a frequency band free from interference. 
Even when an interference is caused in the hopping 
destination, another step for frequency hopping is taken. 
Of course, the minimum interval of the frequency in hop- 
ping must be the same as or higher than the frequency 

45 deviation of the FMCW radar. For example, given that 
the frequency deviation is 75 MHz, and the assigned fre- 
quency bandwidth is 1 GHz, the hopping frequency in- 
terval is 75 MHz at the minimum. A total of thirteen chan- 
nels are available as hopping destination frequencies. 

50 [0072] Fig. 24 is a block diagram of a radar apparatus 
according to a seventh example . Referring to Fig. 24, 
a triangular modulating signal is supplied to the frequen- 
cy hopping means 1 00 and then to a switch 1 30 coupled 
to the output of the frequency hopping means 100. 

55 When the switch is closed, a frequency modulated sig- 
nal is supplied to the transmission antenna 102 and 
transmitted therefrom. A portion of the frequency mod- 
ulated signal is branched off to the reception mixer 1 06. 
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The signal received via the reception antenna 104 is 
mixed by the reception mixer 106 with the frequency 
modulated signal so as to produce a beat signal. The 
beat signal is supplied to the interference detecting 
means 108 and a reception filter implemented by the 
band-pass filter 110. 

[0073] The interference detecting means 1 08 detects 
whether or not there is an interference and supplies the 
detection result to the frequency hopping means 100. In 
the event that there is an interference, the frequency 
hopping means 100 changes the frequency of the fre- 
quency modulated signal to a new frequency in a band 
where there is no interference. The band-pass filter 110, 
in which the cut-off frequency determined by the dis- 
tance and the relative speed to be detected is set, re- 
moves unwanted frequency components from the base- 
band signal and outputs the resultant signal. 
[0074] In the seventh example, a determination is 
made before transmission as to whether or not there is 
an interference. In the event that there is an interfer- 
ence, the frequency hopping means 100 changes the 
center frequency of the transmitted signal. When the in- 
terference is no longer present, the switch 1 30 is closed 
so that the transmission is started. With this arrange- 
ment, it is possible to select a transmission frequency 
free from interference. 

[0075] Fig. 25 is a block diagram of a radar apparatus 
according to an eighth example . The construction of the 
eighth example is almost the same as the construction 
shown in Fig. 21 , a difference being that the modulating 
signal supplied to the frequency hopping means 100 is 
a constant-level dc signal instead of a triangular wave. 
That is, the radar as shown in Fig. 25 is a Doppler radar. 
A Doppler radar is used to detect the ground speed and 
is not used to measure a distance. A Doppler radar is 
constructed of a transmission oscillation source oscillat- 
ing at a constant frequency, a local oscillation source 
provided by branching a portion of the oscillation of the 
transmission oscillation source, and a reception fre- 
quency converter. Figs. 19 and 20 illustrate how an in- 
terference occurs in the radar apparatus according to 
the eighth example. That is, considering a case where 
an FMCW radar causes an interference in another FM- 
CW radar, the description as given with reference to 
Figs. 21 - 23 applies to the apparatus of Fig. 25. 



Claims 

1 . A vehicle radar apparatus comprising: an oscillator 
(30) that generates a frequency modulated signal; 
and a reception mixer (34), coupled to said oscilla- 
tor, that generates an IF signal by mixing the fre- 
quency modulated signal and a received signal 
formed by the frequency modulated signal reflected 
from a target, the IF signal indicating a distance to 
the target and a relative speed of the target, 

wherein said vehicle-mounted radar appara- 



tus further comprises: 
a single antenna (38); 

antenna sharing means (36) connected to said 

5 single antenna (38); and 

a switching means (32, 42, 54) adapted to 
switch said antenna altematingly between a 
transmission mode in which said antenna 
transmits the frequency modulated signal, and 

10 a reception mode in which said antenna re- 

ceives the received signal, in response to a 
drive signal wherein said drive signal causes 
said switching means (32, 42, 54) to alternate 
between said transmission mode and said re- 

15 ception mode at a first switching frequency in 

excess of double a modulating frequency of 
said frequency modulated signal that is trans- 
mitted; and characterised by further compris- 
ing a reception switch (42) for supplying said 

20 received signal to said reception mixer (34), 

wherein said reception switch is subdected to 
switching at a second switching frequency 
which is an integer multiple of said first switch- 
ing frequency. 

25 

2. A vehicle-mounted radar apparatus as claimed in 
Claim 1 , characterized in that means are provided 
to further mix the mixed signal with a switching sig- 
nal having said second switching frequency. 

30 

3. The radar apparatus as claimed in Claim 1 , 
characterized in further comprising: 

and wherein said switching means comprises 
35 a transmission switch (32) for supplying 

said frequency modulated signal to said anten- 
na sharing means (36); and 

said reception switch (42) for supplying a 
received signal received via said antenna shar- 
<o jng means (36) to said reception mixer and said 

apparatus further characterized by being 
adapted to effect switching between said trans- 
mission mode and said reception mode by driv- 
ing one of said transmission switch and said re- 
45 ception switch with said drive signal, and driv- 

ing another of said transmission switch and 
said reception switch with an inverted said drive 
signal. 

50 4. The radar apparatus as claimed in Claim 3, char- 
acterized in that said antenna sharing means (36) 
is implemented by a circulator. 

5. The radar apparatus as claimed in Claim 3, char- 
55 acterized in that said antenna sharing means (36) 

is implemented by a branch circuit. 

6. The radar apparatus as claimed in Claim 1, char- 
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acterized in that said switching means (32, 42, 54) 
further comprises a single-port double-throw switch 
(54) for connecting said single antenna (38) to one 
of said oscillator (30) and said reception mixer (34). 

5 

7. The radar apparatus as claimed in Claim 2, char- 
acterized in said switching means (32, 42, 54) fur- 
ther comprising a single-port double-throw switch 
(54) for connecting said single antenna (38) to one 

of said oscillator (30) or said reception mixer (34). n> 

8. The radar apparatus as claimed in Claim 1, char- 
acterized in that said drive signal has a frequency 
on the order of 1 0-1 00MHz and a rectangular wave- 
form with a given duty factor. 15 



Patentanspruche 

1. Fahrzeug-Radareinrichtung mit: einem Oszillator 20 
(30), welcher ein frequenzmoduliertes Signal er- 
zeugt; und einem Empfangsmischer (34), welcher 
am Oszillator gekoppelt ist, welcher ein IF-Signal 
durch Mischen des frequenzmodulierten Signals 
und eines durch Reflektion des frequenzmodulier- 25 
ten Signals vom Ziel gebildeten Empfangssignals 
erzeugt, wobei das IF-Signal einen Abstand zum 
Ziel und eine relative Geschwindigkeit des Ziels an- 
zeigt, 

wobei die am Fahrzeug eingebaute Radareinrich- 30 
tung femer enthalt: 

eine Einzelantenne (38); 

ein Antennen-Mitbenutzungsmittel (36), wel- 35 
ches mit der Einzelantenne (38) verbunden ist; 
und 

ein Umschaltmittel (32, 42, 54), welches dazu 
angepasst ist die Antenne abwechselnd zwi- 40 
schen einem Ubertragungsmodus, bei wel- 
chem die Antenne das frequenzmodulierte Si- 
gnal ubertragt, und einem Empfangsmodus, 
bei welchem die Antenne das Empfangssignal 
empfangt, in Ansprechen auf ein Antriebssignal <s 
umzuschalten, wobei das Antriebssignal das 
Umschaltmittel (32, 42, 54) dazu bewirkt zwi- 
schen dem Ubertragungsmodus und dem 
Empfangsmodus bei einer ersten Urnschaltfre- 
quenz zu wechseln, welche hoher ist als die so 
doppelte Modulationsfrequenz des frequenz- 
modulierten Signals, welches ubertragen wird, 
und dadurch gekennzeichnet ist, dass sie 
ferner 

55 

einen Empfangsschalter (42) enthalt, urn das 
Empfangssignal an den Empfangsmischer (34) 
zuzufuhren, wobei der Empfangsschalter un- 



terworfen ist bei einer zweiten Umschaltfre- 
quenz umzuschalten, welche ein ganzzahliges 
Vtelfaches der ersten Umschaitfrequenz ist. 

2. Fahrzeug-Radareinrichtung nach Anspruch 1, da- 
durch gekennzeichnet, dass Mittet bereitgesteilt 
sind um femer das Mischsignal mit einem Urn- 
schaltsignal zu mischen, welches die zweite Um- 
schaitfrequenz hat. 

3. Radareinrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet, dass das Umschaltmittel enthalt: 

einen 0bertragungsscha!ter(32)zum Zufuhren 
des frequenzmodulierten Signals an das An- 
tennen-Mitbenutzungsmittel (36); und 

den Empfangsschalter (42) zum Zufuhren ei- 
nes uber das Antennen-Mitbenutzungsmittel 
(36) empfangenen Empfangssignals an den 
Empfangsmischer, und wobei die Einrichtung 
femer dadurch gekennzeichnet ist, dass sie 
dazu angepasst ist eine Umschaltung zwi- 
schen dem Ubertragungsmodus und dem 
Empfangsmodus zu bewirken, indem einer aus 
dem Obertragungsschalter und dem Emp- 
fangsschalter mit dem Antriebssignal angetrie- 
ben wird, und indem der andere aus dem Ober- 
tragungsschalter und dem Empfangsschalter 
mit einer Invertierung aus dem Antriebssignal 
angetrieben wird. 

4. Radareinrichtung nach Anspruch 3, dadurch ge- 
kennzeichnet, dass das Antennen-Mitbenut- 
zungsmittel (36) durch einen Zirkulator implemen- 
tiert ist. 

5. Radareinrichtung nach Anspruch 3, dadurch ge- 
kennzeichnet, dass das Antennen-Mitbenut- 
zungsmittel (36) durch einen Abzweigkreis imple- 
menttert ist. 

6. Radareinrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet, dass das Umschaltmittel (32, 42, 
54) femer einen einpoligen Umschalter (54) enthalt, 
um die Einzelantenne (38) mit dem Oszillator (30) 
Oder dem Empfangsmischer (34) zu verbinden. 

7. Radareinrichtung nach Anspruch 2, dadurch ge- 
kennzeichnet, dass das Umschaltmittel (32, 42, 
54) femer einen einpoligen Umschalter (54) enthalt, 
um die Einzelantenne (38) mit dem Oszillator (30) 
Oder dem Empfangsmischer (34) zu verbinden. 

8. Radareinrichtung nach Anspruch 1, dadurch ge- 
kennzeichnet, dass das Antriebssignal eine Fre- 
quenz im Bereich von 10-100 MHz und eine Recht- 
eck-Wellenform mit einem vorgegebenen Tastver- 
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hattnis hat. 



Reve indications 

1. Appareil radar monte sur vehicule comprenant: 

un osdllateur (30) qui produit un signal module 
en frequence; et un melangeur de reception 
(34) couple audit osdllateur, qui produit un si- 
gnal IF par melange du signal module en fre- 
quence et d'un signal recu forme par le signal 
module en frequence, reftechi a partir d'une ci- 
ble, le signal IF indiquant une distance par rap- 
port a la able et une vitesse relative de la able, 

dans lequel ledit dispositif radar monte sur ve- 
hicule comprend en outre: 



(36) de partage de i'antenne; et 

un interrupteur de reception (42) pour en- 
voyer un signal recu, qui est recu par llntermediaire 
desdits (36) de partage de I'antenne audit melan- 

5 geur de reception, et 

ledit appareil etant en outre caracterise en 
ce qu'il est adapte pour realiser une commutation 
entre ledit mode d'emission et ledit mode de recep- 
tion par commande de Tun dudit interrupteur 

10 d'emission et dudit interrupteur de reception avec 
(edit signal de commande, et commande de i'autre 
dudit interrupteur d'emission et dudit interrupteur de 
reception avec un signal de commande inverse du- 
dit signal de commande. 

15 

4. Appareil radar selon la revendication 3, caracterise 
en ce que lesdits moyens (36) de partage de I'an- 
tenne sont realises au moyen d'un drculateur. 



une seule antenne (38); 20 5. 

des moyens (36) se partageant I'antenne et 
connectes a ladite antenne unique (38); et 
des moyens de commutation (32, 42, 54) adap- 
tes pour commuter ladite antenne alternative- 
ment entre un mode d'emission, dans lequel la- 25 6. 
dite antenne transmet le signal module en fre- 
quence, et un mode de reception dans lequel 
ladite antenne recoit ledit signal recu, en repon- 
se a un signal de commande, et dans lequel 
ledit signal de commande amene lesdits 30 
moyens de commutation (32, 42, 54) a alterner 
entre ledit mode d'emission et ledit mode de re- 7. 
ception a une premiere frequence de commu- 
tation depassant le double d'une frequence de 
modulation dudit signal module en frequence 35 
qui est transmis; et 

caracterise en ce qu'il comprend en outre: 

8. 

un commutateur de reception (42) pour en- *o 
voyer ledit signal recu audit melangeur de re- 
ception (34), ledit commutateur de reception 
etant commande pour effectuer une commuta- 
tion sur une seconde frequence de commuta- 
tion qui est egale a un multiple entier de ladite 45 
premiere frequence de commutation. 



Appareil radar selon la revendication 3, caracterise 
en ce que lesdits moyens (36) de partage de I'an- 
tenne sont constitues par un circuit d'embranche- 
ment. 

Appareil radar selon la revendication 1 , caracterise 
en ce que lesdits moyens de commutation (32, 42, 
54) comprennent en outre un interrupteur uniipolai- 
re bidirectionnel (54) servant a connecter ladite an- 
tenne unique (38) a Tun dudit osdllateur (30) et du- 
dit melangeur de reception (34). 

Appareil radar selon la revendication 2, caracterise 
en ce que lesdits moyens de commutation (32, 42, 
54) comprennent en outre un interrupteur unipolaire 
bidirectionnel (54) pour connecter ladite antenne 
unique (38) a Tun dudit osdllateur (30) et dudit me- 
langeur (34). 

Appareil radar selon la revendication 1 , caracterise 
en ce que ledit signal de commande possede une 
frequence de I'ordre de 10-100 MHz et une forme 
d'onde rectangulaire ayant un taux d'impuisions 
donne. 



2. Appareil radar monte sur vehicule, selon la reven- 
dication 1 , caracterise en ce que des moyens sont 
prevus pour melanger en outre le signal melange a 50 
un signal de commutation possedant ladite secon- 
de frequence de commutation. 



3. Appareil radar selon la revendication 1 , caracterise 
en ce que lesdits moyens de commutation com- 55 
prennent 

un interrupteur d'emission (32) pour envoyer 
ledit signal module en frequence auxdits moyens 
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FIG. 5 
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